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  IEEE 802      : MAC 
( . media access control)      , 
LLC ( . logical link control)    . 
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OSI). 
        ,  
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( .), NDIS, UDI. 
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   3.9     RS-485. 
    ,   : 
 D (driver) - ; 
 R (receiver) - ; 
 DI (driver input) -   ; 
 RO (receiver output) -   ; 
 DE (driver enable) -   ; 
 RE (receiver enable) -   ; 
 A -   / ; 
 B -   / . 
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-  . 
      RS-485   
10 / .   - 1200 .    

    1200     ,  
    -   

 ( ).  
 

 
 3.11 – ,     

 
  UART      

 –   .   3.11  
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 .        
.        ( - ), 

       (   - "0",  
 - "1"),         

  ( - ). 
 
 3.2.4   RScomm 
  
         , 

,       RScomm.    
    , ё   

        
    . 

 RScomm       ,   
     multi-master.    

    RS-485, Bluetooth, WiFi. 
         . 

          3.12. 
 

 
 3.12 –    

 

       0xFE  .  
,        .   

   ,    
   . CMD1  CMD2     

,      . : 
/  , /  . N –  

     .     
  .     CMD   

 ,   DATA1     
    .      

    .     140 
.       ,    

  ,  .     
0xFF,    . 
  ё    ,  ,     

  0xFE  0xFF       , 
  .  ,    3.13,   , 
  ,   0xFE       

   ,     0x00.  
       ,  0x00     

     0xFE  0xFF.  
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0xFE 0xFE 0x02 0x01 0xFE 0x00 0x01 0x02 0xE0 0x01 0x7D 0x7B 0xFF 0xFF 

 3.13 –   
 
 ,    RS-485,    

    3.14. 
 

Ст то  
т

е
Стопо  

т
Ст то  

т
е

Стопо  
т ... Ст то  

т
е

Стопо  
т

Пе  к д Вто о  к д По лед  к д

П кет
 

 3.14 –      
 
      , 

  . 
   10    3.15     

 .       “X”.  
 

 10 –      
  

IDLE    .  
      

FE. 
START   ё .     FE 

 .     
 IDLE,      FE. 

RX  ё .    
,   ё   .   

 ё    FF,     
STOP,     FE,    RESTART. 

 
 
 

 10 –  
  

STOP  .    ё   
 FF         FF. 
   ё  00,    
ё    RX    ,  

ё    IDLE. 
RESTART  .    ё    

FE         FE.  
  ё  00,    ё   

 RX,    ,   ё  
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 FE,    ё    RX,   
   ё     ё  

  IDLE. 
 

IDLE

START

RX

RESTART

STOP

л  X == ! FE, то 
че о е 

дел т

л  X == FE, то 

о  п кет   
ч ло п ё  

о о о

л  X == FE, 

п ё  п кет

л  X == FE, то 
пе еход  
о тоя е 

о д я 
е т т

л  X == 00, то 
о ще е к 

п ё у

л  X == 00, то 
о ще е к 

п ё у.

л  X == FF, то 
пе еход  о д е 
око ч я п ё  

п кет

л  X == FE, то 
пе еход  о тоя е 

о д я п ё

л  X == ! FE, 

то пе еход  
ч л ое 

о тоя е
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M

EATxmega16A4U

-

IRF2804S

HIP4081AADM3485
RS-485

PEAK 

P6BU-123R3

12 12

3.3

UART

Д  я

 

 3.16 –     
  
 3.3.1     
 
       H-   

 “  ё    II”.   
  : 

      4-  ; 
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   ); 
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 3.17 –   H-  ё    

 “  ё    II” 
 

     , 
    180°.     

   3.18. 
 

 
 3.18 –     -   

 
  ,     H-    «L»,  
   H-    «R»,     

   .    “R”   “L”,  
 ,          

.    ,    
L/R          . 

  ,  -       
,      H- .  

      ATxmega16A4U   

Q1

Q2

Q3

Q4

t

1

1

1

1

0

0

0

0
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       AWEX    
  H-  HIP4081A   .  

 

 

 3.19 –       H-
 HIP4081A 

 
H-  HIP4081A       

  .  DIS     
      .     

     .   3.19 
 AHI  BHI       

   H- ,   ALI   BLI    
    . 

 
 3.3.2      

 
      ё  

.   3.20     
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 ё  .     
  ,       . 

  
Pkp[2]

Pki[2]

Skp[2]

Ski[2]

У М
Ptgt[2] Perr[2]

Pint[2] Sint[2]

+– – +

Serr[2] Spdout[4] Pozout[4]

Penc[2]

Pozout[2] Stgt[2]

Sfb[2]

 

 3.20 –     ё  
 

  
     ,      

   ,     
 C++.    ё . 

        ,  
 , ,     UART'   

 .  
      ,      

     ,    
        (   

).      – ,    
          ё . 

      c++.    
  . 

 
3.3.3    
 

    ,    
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32767

0
P1 P2 P3 P4 t

 
 3.21 –    ё  ё    

  
       . 

    32768.  ё    P 
   11. 

 
 11 –  ё    

   ё  
P1 13500 . 
P2 2700 . 
P3 7732 . 
P4 21232 . 
 
   ё     Pk: 
 

,
0

)1(

t

PP
V kk

Pk


        (3) 

 
 t0 –   

  ё     (3)     
    12. 

 
 12 –     

    
P1 13500 ./t0 
P2 13500 ./t0 
P3 –19268 ./t0 
P4 13500 ./t0 

 
    P3     

        ,  .  
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   -   ё  ,  ё   
 .         

,   .  
    ,     

 ,   ё    
 .     VP3   32767,  

Vp3 = -19268 + 32768 = 13500.      
  -       

  ,    ё     
,     ,    

,      ё     
 .         

       ,  
      32767.    ё  

,   ё    ё     
      . 

ё   ё      
. 

32767

0
P1 P2 P3 P4 t

 
 3.22 –    ё  ё    

  
 

 ё    P    13. 
 

 13 –  ё    

   ё  
P1 13500 . 
P2 2700 . 
P3 7732 . 
P4 21232 . 
 
    (3)        

   14. 
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 14 –     

    
P1 –13500 ./t0 
P2 –13500 ./t0 
P3 19268 ./t0 
P4 –13500 ./t0 
 
         

,   VP3 = 19268 + 32768 = -13500 /t0 ,      
  VP3 = 0100 1011 0100 0100 + 0111 1111 1111 1111 + 0000 0000 

0000 0001 = 1100 1011 0100 0100 /t0 (  32768   32767  1  
 ). 

 
3.4     
 

        
  ,     

 .       
   ,      . 

      Qt –  
       

 C++.  
 
 3.4.1    
 
          

 3.23    . 
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 1 –   .        

 ,        .  
   “Open”     ,    
,           . 

 2 –  .          
   ,        

 checkbox. 
 3 –  .       . 
 4 –  .       , 

    .          
“  ”  “  ”  . 
 5 – .             
“  ”,        . 

     4.4.2. 
 6 –  .         

      . 
 7 –  .         

      . 
 8 – .    ,     

.        ё   . 
 3.23 –    
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 3.4.2     
  
        

     3.24. 
 

 
 1 –  .      ,   

    
 2 –  .        . 
 3 –  .       

 ,     .       
   “  ”  “  ” 

 . 
 4 –  .         

     .       
 –  . 

 5 –  .         
    ё  .       

 –  . 
 3.24 –    

 
 3.4.3    
 

         
   .      
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    COM–     
    .       

  Start_Commands   .   
   Start_Commands      

         PING.   
  Servo_On      LED  

  .  
     _Upd_cycle     

  Update.       
Get_Position  Get_Speed       

  .   ё       
  (Servo_On),    (Servo_Mode),  

   (LED),    (Set_Position), 
(Set_Speed)  ,    ё   

   .  
           

,       “ ”.    
 _Upd_cycle        
 _Upd_cycle,         
  Update  MyDrive.  

UI Drive

PosTgt

PosFB

SpdTgt

SpdFB

SpdKp

SpdKi

PosKp

PosKi

ServoOn

ServoMode

LED

_Upd_cycle

 

 3.25 –    
 
          
PacketRecived,         

  ,     Update 
  . 

   ё    . 
 

3.5       
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 3.5.1   
 

   —       .  
   15. 

 
 15  –   

  
 

# 

PING B00B 0 
RESET 5EBE 0 
LOAD2BOOT B001 0 

 
       15. 
 PING(uint16_t addr) –     . 
 : . 
 :        

      .    . 
 RESET(uint16_t addr) –  . 
 : . 
 :   
 LOAD2BOOT(uint16_t addr) –    . 
 : . 
 :   
 
 3.5.2    
 
   16      . 
 

 16 –    
  

 
#  

0 1 2 3 4 5 6 7 
LED 0001 1 LED        
Servo_Mode 0002 1 ServoMode        
Servo_On 0003 1 ServoOn        
Servo_On_Check 0004 0         
Set_Speed 0005 4 SpdTgt     
Set_Speed_PID 0006 8 SpdKp SpdKi 
Set_Position 0007 4 PosTgt     
Set_Position_PID 0008 8 PosKp PosKi 
Get_Speed 0009 0         
Get_Speed_PID 000A 0         



 
. 

. 
. №

 
ь 
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. 
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 16 –  

  
 

#  
0 1 2 3 4 5 6 7 

Get_Position 000B 0         
Get_Position_PID 000C 0         

 
       16. 
 LED(uint16_t addr, uint8_t * data) –  RGB .  

   LED    .  
 : 1  uint8_t. 0 – , 1 – . , 
0b00000110 –   ,  0b000001 ё . 
 :  . 
 Servo_Mode(uint16_t addr, uint8_t *data) –    

. 
 : 1  uint8_t. 0 –  , 1 –  

. 
 :  . 
 Servo_On(uint16_t addr, uint8_t *data) –    

. 
 : 1  uint8_t. 0 – , 1 – .  
 :  . 
 Servo_On_Check(uint16_t addr) –     

.  
 : . 
 : 1  uint8_t.  0 –   ,  1 –  . 
 Set_Speed(uint16_t addr, float *data) –   . 
 : 4-   float  . 
 :  . 
 Set_Speed_PID(uint16_t addr, float *data) –   

 –  . 
 : 8 .  4-   float  Kp  Ki .  
 :  . 
 Set_Position(uint16_t addr, float *data) –   . 
 : 4-   float  . 
 :  . 
 Set_Position_PID(uint16_t addr, float *data) –   

 –  . 
 : 8 .  4-   float  Kp  Ki .  
 :  . 
 Get_Speed(uint16_t addr) –    . 
 : .  
 : 4-   float   . 
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 Get_Speed_PID(uint16_t addr) –   –  
. 

 : .  
 : 8 .  4-   float  Kp  Ki . 
 Get_Position(uint16_t addr) –    . 
 : .  
 : 4-   float   . 
 Get_Position_PID(uint16_t addr) –   –  

. 
 : .  
 : 8 .  4-   float  Kp  Ki . 
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4 -    
 

 -      
     . 

  -         
   -  .    

   :  
-   , ; 
-  ; 
- ; 
-  . 

         
. 

 
4.1 ё     ,   

     
 

    ,  
   -     : 

 
,SSSSS                                               (4.1) 

 
 S  –     ,   

 17; 
         S  –      ,  
  18; 

         S  –      , 
   19 

         S  –      3D– ,  1400 . 
  . 

 
 17 –    

 ,  ,  
 SONY VAIO 1 25000 

3D–  Tevo 
Tarantula 

1 23000 

   48000 
 

 18 –    

 ,  
Microsoft Windows 10 pro 10000 
Microsoft Office 2019 15000 
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. №
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 18 –  
 ,  

SolidWorks 48000 
MatLAB 150000 

  88000 
 

 19 –        

 ,    .,  
-   8 170 
  2 120 

   1600 
 

        
 : 

 
S 151600140016008800048000  .                         (4.2) 

 
4.2     
 

 1  2011       
  .        

  .      
    . 

      ( )  
       -   

,       
,    ,     , 

 ,     .  
   . 

        
    55000   . 
 

  .55000S                                                  (4.3) 
   ( )     

      
 

.,2750005·55000·/ nSS                             (4.4) 
 
 

 n = 5 –     21    .  
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   30%     
 

. . . .S S k  ,                                            (4.5) 
 

.825003.0·275000..S                                   (4.6) 
 

   20%     
 

. . . . .CS S k  ,                                            (4.7) 
 

 .550002.0·275000..S                                        (4.8) 

 
         

  : 
 

.4125005500082500275000.... SSSS Щ           (4.9) 

 
    5%  : 

               
.05.0·.. ЩSS                                                 (4.10) 

 
 .2062505.0·412500.S                                     (4.11) 

 
,        
  : 

 

. . .ЩS S                                               (4.12) 

 
.43312520625412500..                                (4.13) 

 
    : 

 

. .. .. .S R  ,                                       (4.14) 

 
 R . . = 30%,   ё  : 

    – 22%; 
     – 2,9%; 
   – 5,1%. 
     – 0.2%. 

 
.138600433125·32.0..S                                   (4.15) 
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       : 

 
.571725138600433125....

/
.. S            (4.16) 

 
4.3    

 
     : 

 ,     – 220 ; 
 ,   – 150 ; 
 ,  3D–  – 240 ; 
 ,     – 40 ; 
     – 10 . 

    : 
 

,·)··( .. . Эk TNnPPPS                                    (4.17) 
 

 P  –  ,    ; 
      P  – ,  ; 
      P  – ,    ; 
      n –    ; 
      T . –   . 
      N  –    

 
.66.1376.1·8)·10·06.015.022.0(. .S                        (4.18) 

 
  ,     

 : 
 

,··· ... .. TNPNSS                                        (4.19) 
 

 N –  ;  
      P  –   ; 
      N . –     . 
 

.21.144076.1·14·24.0105·66.13.S                            (4.20) 
 

4.4     
 

      : 
 

.                                               (4.21) 
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  –    , ; 

        –    3D– . 
 

      : 
 

,
12

m

l

n
n





                                                      (4.22) 

 
  –   , .; 

       nm –  , .; 
       nl  –  , . 
 

.33.2083
12·5

5·25000
                                       (4.23) 

 

.44.3194
12·3

5·23000
         (4.24) 

    : 
 

 .77.527744.319433.2083                (4.25) 
 
4.5     
 

        : 
 

T   ,                                             (4.26) 

 
  –   1 2 , .; 

       –  , 2; 
       –   , . 

 
.150005·10·300                                        (4.27) 
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 20 –    

   , . 
   ,   

    
151600 

     412500 
     20625 

    138600 
   1440.21 
    5277.77 
    15000 

 745042.98 
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         , . . 
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5.1    
 

       
    . 

 
 5.1.1     
 

       
 ,   ,   . 

       .   
        

        
       ( ) 

   . 
        

12.0.001, 12.2.003, 12.2.026  12.0.003 : 
   ,  ,  

   . .; 
       ; 
     ,   

 ; 
     ; 
    ; 
     ; 
     ,  

,   ; 
    ; 
     ; 
        

 ; 
        

, , ,   ; 
     ,  

       . 
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      . 

      ,  
      2.601   2.602,  

        
 ,  ,  , 

 ,    ,  , 
 ,     ,   

   . 
 

 5.1.2    
  

      
   .  ,  12.3.002-75: 

         
.   ,     
,     ; 

         
      

. 
 

 21 – ,     

      

     4 
       4 
 -   2 
      4 

 
          

.    (  21)  
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    ,   
         

. 
     : 

   ; 
     ; 
       

. 
 

 5.1.4      
 

       14    
    ё     

, ,      
. 

    ё   ё 
        ,   
     ё  .   

      ,      
  . 

 
 5.1.5    
  

 ,  12.3.002-75,  12.3.003-91,  
12.3.061-81,  31-01-03: 

  ( , ) ,   
    ,  

     ,   , 
   ; 

       
; 

        
    ,   

     , 
    . 
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 ; 
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    . 
 5.1.7   
 

       
    ,  12.1.004,  

12.1.018,  12.2.007.0, , ,  ,  3.05.06,  3.05.07.  
ё      ,  -  

        . 
    ,   

      
: 

  (  ,     
. .); 

  (    ); 
  (    ); 
  (  ). 
 

 5.1.8     
 

       
         
        

  . 
 

 5.1.9     
 

   : 
1)   ; 
2)    ; 
3)          . 
 
5.2     
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